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Background and objectives: In the United States, relatively little is known about clinical outcomes of chronic kidney disease
(CKD) in vulnerable populations utilizing public health systems. The primary study objectives were to describe patient
characteristics, incident ESRD, and mortality in adults with nondialysis-dependent CKD receiving care in the health care
safety net.
Design, setting, participants, & measurements: Time to ESRD and time to death were examined among a cohort of 15,353
ambulatory adults with nondialysis-dependent CKD from the Community Health Network of San Francisco.
Results: The mean age of the CKD cohort was 59.0 ⴞ 13.8 years; 50% of the cohort was younger than 60 years and 26% was
younger than 50 years. Most (72%) were members of nonwhite racial-ethnic groups, 73% were indigent (annual income
<$15,000) and 18% were uninsured. In adjusted analyses, blacks [hazard ratio (95% confidence interval), 4.00 (2.99 to 5.35)],
Hispanics [2.20 (1.46 to 3.30)], and Asians/Pacific Islanders [3.84 (2.73 to 5.40)] had higher risks of progression to ESRD than
non-Hispanic whites. The higher risk of progression to ESRD among nonwhite compared with white persons with CKD was
not explained by lower relative mortality.
Conclusions: Adults with CKD stages 3 to 5 cared for within an urban public health system were relatively young and
predominantly nonwhite— both factors associated with a higher risk of progression to ESRD. These findings call for targeted
efforts to assess the burden and progression of CKD within other public and safety-net health systems in this country.
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I

n the United States, ESRD affects over 500,000 Americans,
disproportionately afflicts the poor and racial-ethnic minority groups, and costs society in excess of $30 billion annually
(1–5). Preventing complications of chronic kidney disease (CKD)
is now a focus of public health efforts to reduce racial-ethnic and
socioeconomic health disparities across the nation (6).
Urban public hospitals and “safety-net” health care systems
provide medical care to millions of uninsured and underserved
individuals across the United States, many of whom are relatively young and of severely limited socioeconomic means.
These facilities provide care to a substantially higher percentage of persons from diverse racial-ethnic, cultural, and linguistic backgrounds when compared with hospitals nationally (7,8).
Although prior studies suggest that progression of CKD to
ESRD may be accelerated among persons of lower socioeconomic status, relatively little is known about the demographic
characteristics and outcomes of vulnerable populations with
CKD in the safety-net health care setting (9).
To help understand the burden of CKD in the urban public
health care setting, we describe the sociodemographics, clinical
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characteristics, mortality, and progression to ESRD of 15,353
adults with nondialysis-dependent CKD (stages 3 to 5) receiving care in the Community Health Network of the City and
County of San Francisco. We hypothesized that nonwhite raceethnicity would be associated with higher risks of progression
to ESRD and death in this vulnerable population.

Materials and Methods
Data Sources
We obtained patient-level data from the San Francisco Department of
Public Health’s Community Health Network, a collection of public
hospitals and clinics serving an urban poor population in San Francisco, California. Approximately half of San Francisco’s 130,000 uninsured residents and one-quarter of its Medicaid population make at
least one visit annually to the Community Health Network (10). Demographic information, health care utilization, diagnostic and procedural codes, and laboratory data are obtained during the course of
routine clinical care at various Community Health Network sites and
stored in a clinical data repository known as the Lifetime Clinical
Record. Patient-level data were extracted from the Lifetime Clinical
Record and linked to (1) the U.S. Renal Data System (USRDS) to
exclude persons who were already receiving renal replacement therapy
and to identify new cases of treated ESRD that occurred during followup, and (2) the California Department of Health Services Death Registry to ascertain vital status.
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Study Sample
We included all adults with nondialysis-dependent CKD stages 3 to
5 receiving regular ambulatory care in the Community Health Network
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between January 1, 1996 and December 31, 2005. All participants were
(1) age 20 years or older; (2) diagnosed with CKD, defined by at least
two outpatient estimated GFR (eGFR) measurements ⬍60 ml/min/1.73
m2 separated by at least 1 year (11); and (3) had at least one Community
Health Network outpatient encounter subsequent to the initial serum
creatinine date. We imposed these restrictions to ensure that the study
cohort comprised persons who met the National Kidney Foundation
definition for CKD stages 3 to 5 and who had regular access to outpatient care, rather than individuals with misclassified acute kidney injury or those who transiently visited the Community Health Network.
We derived comparative estimates of persons with nondialysis-dependent CKD stages 3 to 5 from the general U.S. population using publicly
available data from the National Health and Nutrition Examination
Survey 1999 to 2006 (Supplementary Appendix A) (12).

Outcome Measures
The primary outcome measures were time to ESRD, defined as
receipt of maintenance dialysis or kidney transplantation, and time to
death. We defined survival time as the time of the first outpatient
serum creatinine measurement ⬍60 ml/min/1.73 m2 until ESRD,
death, or the end of follow-up through December 31, 2005. Individuals
were observed for a minimum of 12 months and up to 9.4 years.

Independent Variables
All independent variables used in the analysis were extracted or
calculated from administrative and clinical data in the Lifetime Clinical
Record. The primary predictor variable was self-reported patient raceethnicity. We categorized race-ethnicity as non-Hispanic white, nonHispanic black, Hispanic, Asian/Pacific Islander, or other race-ethnicity. We attempted to measure and control for several sociodemographic
and clinical factors that could confound the association between raceethnicity and progression to ESRD and/or death on the basis of prior
studies of CKD progression (9,13–15). Covariates were defined within
the 2-year period preceding and closest to the initial qualifying serum
creatinine measurement. Sociodemographic covariates included patient
age, sex, health insurance coverage (uninsured, Medicaid, Medicare, or
commercial/other), primary spoken language (English, Spanish, Cantonese, or other), housing status (domiciled or homeless), occupational
status (employed, unemployed, disabled or retired), and annual income
based on administrative data. We ascertained comorbid conditions on
the basis of the presence of primary discharge diagnostic codes, ambulatory diagnostic codes, and procedural codes (Supplementary Appendix B) for diabetes, hypertension, congestive heart failure, cardiovascular disease (defined as coronary artery, cerebrovascular, or
peripheral vascular disease), chronic obstructive lung disease, hepatitis
B virus (HBV), hepatitis C virus (HCV), HIV or AIDS, depression,
tobacco smoking, alcoholism, and drug abuse. We used the re-expressed Modification of Diet in Renal Disease study equation to estimate GFR on the basis of calibrated serum creatinine, age, race, and sex
(16). Additional laboratory data included urinalysis dipstick proteinuria (negative, trace to 1⫹, 2⫹, or ⱖ3⫹), hemoglobin, serum albumin,
and calcium concentrations (17).

Statistical Analyses
Baseline characteristics of persons with CKD are described using
mean values (⫾SD) and proportions. We calculated crude rates of
ESRD and death per 1000 person-years stratified by race-ethnicity. We
examined the associations of race-ethnicity with the risks of ESRD and
death controlling for potential confounders using multivariable Cox
proportional hazards regression models. The final models included all
baseline demographic information, socioeconomic variables, comorbid
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conditions, and laboratory values described above. We tested the proportional hazards assumption using plots of log [⫺log (survival rate)]
against log (survival time) and by comparing predicted with actual
survival curves.
Missing data patterns were examined for all variables. Overall, 17%
of the cohort was missing data for health insurance coverage and 27%
for proteinuria by urine dipstick. Less than 1% was missing data for
hemoglobin, serum albumin, and serum calcium, respectively. To avoid
bias caused by excluding patients with missing data, we performed
multiple imputation using the Markov chain Monte Carlo method with
100 imputations for these variables (18). To address potential nonindependence of outcomes because of informative censoring, we performed
additional analyses using competing-risks survival analysis for either
outcome (ESRD or death) using the method of Fine and Gray (19).
Two-tailed P values ⬍0.05 were considered statistically significant. We
used Stata statistical software for all analyses (Stata version 11.0, Stata
Corporation, College Station, TX). The Committee on Human Research
at the University of California–San Francisco approved the study protocol.

Results
Patient Characteristics
We identified 15,353 adults receiving regular ambulatory
care in the San Francisco Community Health Network who met
criteria for nondialysis-dependent CKD stages 3 to 5 (Table 1).
In contrast with sociodemographic estimates from the general
U.S. population with CKD stages 3 to 5 (Table 2), the patients
with CKD stages 3 to 5 in the San Francisco public safety-net
system were younger, more racially-ethnically diverse, less
likely to be female, more likely to be uninsured or enrolled in
Medicaid, more likely to be poor, and less likely to speak
English. The study cohort had a mean age of 59.0 years (⫾13.8
years); 50% of the cohort was younger than 60 years and 26%
was younger than 50 years. This safety-net cohort largely comprised racial-ethnic minorities (72%), most of whom (93%) had
moderate (eGFR 30 to 59 ml/min/1.73 m2) rather than advanced CKD (eGFR ⬍ 30 ml/min/1.73 m2). Those with advanced disease were more likely to be black, male, and younger
than those with moderate disease (P ⬍ 0.001, respectively).
Approximately 64% of individuals were enrolled in a public
health insurance plan (Medicare or Medicaid), whereas 18%
were uninsured. Unlike the general U.S. population with CKD,
most individuals (73%) from the study cohort were indigent,
with an annual income ⬍$15,000. An estimated 6% of persons
were homeless and 46% were unemployed, disabled, and/or
receiving public assistance. The most prevalent comorbidities,
hypertension and diabetes, affected 46% and 22% of individuals, respectively; however, the prevalence of alcoholism (8%),
depression (16%), drug abuse (16%), and chronic viral diseases
such as HCV (4%) and HIV (3%) were also notable. The sociodemographic and clinical characteristics of this CKD cohort
were representative of the adults generally served by the Community Health Network’s ambulatory care clinics (10).

ESRD and Death
Overall, we observed 559 cases of ESRD during 55,538 person-years of follow-up and 984 deaths over 57,698 person-years
of follow-up, respectively (the difference in survival time was
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Table 1. Baseline characteristics of 15,353 adults with nondialysis-dependent CKD stages 3 to 5
eGFR, ml/min/1.73 m2
Characteristic

Race-ethnicity, N (%)
non-Hispanic white
non-Hispanic black
Hispanic
Asian/Pacific Islander
other race-ethnicity
Age, mean (SD), years
Age category, years, % (95% CI)
⬍40
40 to 49
50 to 59
60 to 69
ⱖ70
Female, N (%)
Unemployed, N (%)
Homeless, N (%)
Annual income ⱖ$15,000, N (%)
Primary health coverage, N (%)
uninsured
Medicaid
Medicare
commercial or other
missing
Primary language, N (%)
English
Spanish
Cantonese
other
Comorbid conditions, N (%)
diabetes
hypertension
cardiovascular disease
congestive heart failure
chronic obstructive lung disease
AIDS/HIV
HBV infection
HCV infection
alcoholism
depression
drug abuse
tobacco smoking
Laboratory measurements
urinalysis proteinuria, N (%)
negative (⬍30 mg/dl)
trace to 1⫹ (30 to 99 mg/dl)
2⫹ (100 to 299 mg/dl)
ⱖ3⫹ (ⱖ300 mg/dl)
hemoglobin, mean (SD), g/dl
serum albumin, mean (SD), g/dl
Serum calcium, mean (SD) mg/dl

15 to 29
(n ⫽ 776)

⬍15
(n ⫽ 266)

45 to 59
(n ⫽ 12,262)

30 to 44
(n ⫽ 2049)

3441 (28)
2249 (18)
2353 (19)
2897 (32)
322 (3)
60 (13)

584 (29)
585 (29)
316 (15)
506 (25)
58 (3)
58 (15)

213 (27)
272 (35)
122 (16)
15 (20)
12 (2)
56 (15)

63 (24)
85 (32)
52 (19)
60 (22)
6 (2)
51 (15)

918 (7)
1990 (16)
2933 (24)
3879 (32)
2542 (21)
6782 (55)
5723 (47)
612 (5)
9021 (75)

220 (11)
401 (20)
525 (26)
460 (22)
443 (22)
954 (47)
930 (45)
148 (7)
1387 (68)

117 (15)
188 (24)
201 (26)
124 (16)
146 (19)
320 (41)
333 (43)
74 (9)
507 (65)

61 (23)
70 (26)
63 (24)
45 (17)
27 (10)
95 (36)
115 (43)
24 (9)
175 (66)

2299 (19)
2727 (22)
5101 (42)
262 (2)
1873 (15)

285 (14)
531 (26)
699 (34)
43 (2)
491 (24)

102 (13)
202 (26)
237 (31)
18 (2)
217 (28)

25 (9)
99 (37)
67 (25)
6 (2)
69 (26)

7946 (64)
1491 (12)
1518 (12)
1307 (11)

1535 (75)
186 (9)
170 (8)
158 (8)

611 (78)
63 (8)
53 (7)
49 (6)

206 (77)
31 (12)
19 (7)
11 (4)

2809 (23)
6036 (49)
2253 (18)
797 (7)
1970 (16)
567 (5)
140 (1)
499 (4)
851 (7)
2006 (16)
1762 (14)
501 (4)

414 (20)
756 (37)
303 (15)
139 (7)
285 (14)
99 (5)
17 (1)
103 (5)
207 (10)
298 (14)
416 (20)
94 (5)

130 (17)
221 (28)
92 (12)
38 (5)
97 (12)
37 (5)
12 (2)
41 (5)
92 (12)
93 (12)
190 (24)
35 (5)

33 (12)
66 (25)
18 (7)
12 (4)
20 (7)
8 (3)
0 (0)
14 (5)
28 (11)
23 (9)
52 (20)
8 (3)

8091 (66)
2231 (18)
1242 (10)
698 (6)
13.1 (1.9)
4.0 (0.6)
9.1 (0.6)

966 (47)
509 (25)
351 (17)
223 (11)
12.3 (2.3)
3.7 (0.8)
9.0 (0.8)

239 (31)
225 (29)
182 (23)
129 (17)
11.9 (2.4)
3.4 (0.8)
8.8 (0.9)

36 (13)
57 (22)
82 (31)
91 (34)
10.9 (2.8)
3.4 (0.7)
8.6 (1.4)

86 (81 to 89)
8 (5 to 11)
4 (2 to 9)
3 (1 to 5)
74 (73 to 76)
0 (0 to 2)
3 (1 to 7)
7 (4 to 11)
15 (11 to 20)
75 (68 to 81)
66 (61 to 71)
NA
NA
41 (34 to 48)
2 (1 to 6)
6 (4 to 9)
76 (70 to 81)
57 (51 to 63)
92 (87 to 96)
27 (22 to 34)
80 (76 to 83)
33 (28 to 39)
13 (10 to 17)
9 (7 to 13)
0 (NC)
1 (0 to 3)
1 (0 to 2)
8 (5 to 12)
NA
1 (0 to 5)
7 (4 to 13)

87 (83 to 90)
6 (4 to 9)
5 (3 to 8)
2 (1 to 3)
13.4 (0.11)
4.1 (0.03)
9.5 (0.04)

3 (2 to 5)
8 (6 to 11)
17 (14 to 20)
23 (21 to 26)
49 (45 to 53)
61 (59 to 64)
NA
NA
27 (23 to 30)
5 (3 to 7)
6 (4 to 7)
58 (53 to 62)
64 (60 to 68)
93 (90 to 95)
18 (15 to 23)
68 (64 to 71)
19 (16 to 22)
6 (5 to 7)
11 (9 to 13)
0 (NC)
0 (0 to 1)
1 (0 to 2)
10 (8 to 13)
NA
5 (3 to 7)
12 (10 to 15)

96 (95 to 97)
2 (1 to 3)
1 (0 to 2)
0 (0 to 1)
14.2 (0.07)
4.2 (0.01)
9.5 (0.02)

30 to 44 (n ⫽ 399)

86 (83 to 88)
6 (5 to 7)
5 (3 to 8)
3 (2 to 4)
67 (66 to 68)

45 to 59 (n ⫽ 1239)

eGFR, ml/min/1.73 m2

69 (53 to 81)
8 (4 to 17)
12 (5 to 24)
11 (5 to 22)
12.4 (0.19)
4.0 (0.04)
9.4 (0.10)

43 (31 to 57)
86 (74 to 93)
41 (30 to 53)
20 (13 to 29)
14 (6 to 28)
0 (NC)
0 (NC)
1 (0 to 3)
13 (7 to 23)
NA
2 (0 to 7)
13 (6 to 25)

5 (1 to 20)
9 (4 to 18)
76 (63 to 86)
59 (50 to 67)
96 (92 to 98)

5 (1 to 20)
3 (1 to 8)
3 (1 to 9)
22 (14 to 34)
67 (51 to 80)
54 (43 to 64)
NA
NA
28 (19 to 39)

68 (54 to 79)
13 (7 to 21)
5 (2 to 10)
15 (5 to 33)
72 (67 to 76)

15 to 29 (n ⫽ 93)

59 (31 to 83)
4 (1 to 13)
7 (2 to 23)
30 (10 to 61)
12.6 (0.64)
4.1 (0.16)
9.2 (0.29)

29 (10 to 60)
85 (52 to 97)
22 (6 to 53)
29 (9 to 61)
5 (1 to 23)
0 (NC)
0 (NC)
0 (NC)
14 (3 to 48)
NA
11 (2 to 50)
41 (16 to 71)

17 (4 to 49)
12 (3 to 38)
33 (12 to 63)
56 (28 to 81)
91 (77 to 97)

24 (6 to 59)
8 (1 to 40)
28 (9 to 59)
23 (7 to 54)
19 (6 to 44)
68 (40 to 88)
NA
NA
39 (16 to 68)

72 (47 to 89)
18 (6 to 43)
9 (3 to 23)
0 (NC)
56 (46 to 66)

⬍15 (n ⫽ 23)

NC, not calculable because of fewer than five observations (point estimates may also be unstable); NA, not available.
a
Data estimated from the National Health and Nutrition Examination Survey (1999 to 2006).
b
Percentages may not total 100 due to multiple sources of health coverage.
c
Participants were considered to have diabetes if a physician had informed them that they had “sugar diabetes,” if they were receiving insulin or an oral hypoglycemic agent, or if they recorded a fasting plasma
glucose concentration ⱖ126 mg/dl or a nonfasting plasma glucose concentration ⱖ200 mg/dl (2); hypertension if they reported taking a prescribed antihypertensive agent or if their systolic blood pressure was
ⱖ140 mmHg or if their diastolic blood pressure was ⱖ90 mmHg at the time of the examination (3,4); cardiovascular disease if they reported a history of angina, coronary artery disease, stroke, or lower extremity
amputation; congestive heart failure if they reported a history of “heart failure”; chronic obstructive lung disease if they reported a history of emphysema or chronic bronchitis; HBV, HCV, and HIV on the basis of
the presence of a positive antibody test for HBV surface antigen, HCV, and HIV, respectively; and alcoholism if they reported drinking five or more drinks of any alcoholic beverage almost every day. We
considered participants to suffer from drug abuse if they reported use of cocaine, heroin, methamphetamine, or other street drug, and we considered participants as tobacco smoking if they reported current cigarette
use “every day” or “some days.”

Race-ethnicity, % (95% CI)
non-Hispanic white
non-Hispanic black
Hispanic
other race-ethnicity
Age, mean (95% CI), years
Age category, years, % (95% CI)
⬍40
40 to 49
50 to 59
60 to 69
ⱖ70
Female, % (95% CI)
Unemployed, % (95% CI)
Homeless, % (95% CI)
Annual income ⱕ$15,000, % (95% CI)
Primary health coverage, % (95% CI)b
uninsured
Medicaid
Medicare
commercial or other
English spoken at home, % (95% CI)
Comorbid conditions, % (95% CI)c
diabetes
hypertension
cardiovascular disease
congestive heart failure
chronic obstructive lung disease
AIDS/HIV
HBV infection
HCV infection
alcoholism
depression
drug abuse
tobacco smoking
Laboratory measurements
albuminuria, % (95% CI)
⬍30 mg/dl
30 to 99 mg/dl
100 to 299 mg/dl
ⱖ300 mg/dl
hemoglobin, mean (SEM), g/dl
serum albumin, mean (SEM), g/dl
serum calcium, mean (SEM) mg/dl

Characteristic

Table 2. Characteristics of adults with nondialysis-dependent CKD stages 3 to 5 from the general U.S. populationa
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accounted for by those who eventually died). Crude rates of
progression to ESRD were highest among blacks— over 2-fold
higher than among any other racial-ethnic group. Hispanics
and Asians/Pacific Islanders progressed to ESRD at approximately twice the rate as that observed in non-Hispanic whites
(Figure 1). Although crude mortality rates were highest among
blacks, differences compared with other racial-ethnic groups
were smaller in magnitude than racial-ethnic differences in
rates of progression to ESRD. Notably, among all racial-ethnic
groups, the rates of progression to ESRD peaked in the youngest age group of 20 to 39 years {20.5 [95% confidence interval
(CI), 16.9 to 24.9] per 1000 person-years compared with 4.1 (95%
CI, 3.1 to 5.4) per 1000 person-years in those ⱖ70 years}.
In analyses adjusted for sociodemographic factors, comorbid
conditions, and laboratory abnormalities, nonwhite race-ethnicity was independently associated with the risk of progression to ESRD (Table 3A). Other significant covariates associated
with a higher risk of progression to ESRD included diabetes
[hazard ratio (95% CI): 2.92 (2.39 to 3.55)] and the presence and
degree of albuminuria [hazard ratio (95% CI): 4.21 (2.49 to 7.14)
for trace to 1⫹; 15.10 (9.33 to 24.49) for 2⫹; and 26.72 (16.48 to
43.32) for ⱖ3⫹]. In Asians/Pacific Islanders, the risk estimate
for ESRD increased after covariate adjustment (negative confounding) primarily because of the older age distribution of this
group relative to non-Hispanic whites (Table 3A). In contrast,
the relative risk of death among racial-ethnic groups did not
differ in fully adjusted models, with the exception of Asians/
Pacific Islanders, in whom the risk of death was 25% lower than
in non-Hispanic whites (Table 3B).
In adjusted analyses, diabetes [hazard ratio (95% CI): 1.29
(1.10 to 1.52)], congestive heart failure [1.39 (1.13 to 1.72)],
cardiovascular disease [1.25 (1.05 to 1.48)], chronic obstructive
lung disease [1.21 (1.02 to 1.43)], HBV [1.68 (1.01 to 2.81)], HCV
[1.62 (1.22 to 2.16)], HIV/AIDS [1.87 (1.47 to 2.38)], alcoholism
[1.52 (1.23 to 1.88)], and hypoalbuminemia [1.43 (1.30 to 1.59)]
were each associated with a higher risk of death. These results
did not change materially in analyses stratified by age, sex, and
diabetes status or when competing-risks survival analysis was
performed for progression to ESRD or death (Supplementary
Appendix C).

Figure 1. Crude rates of ESRD and death by race-ethnicity.
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Discussion
In contrast to general population estimates and prior studies
of CKD in the United States, we found that in this public
safety-net health care setting, CKD afflicted a large fraction of
younger adults, most of whom are from racial-ethnic minority
groups (13,14,20). Most individuals in our study cohort were
indigent, approximately 40% were either uninsured or enrolled
in Medicaid, and one-third spoke a primary language other
than English—vulnerable populations that have been underrepresented in prior studies of CKD (13–15). In this resourcepoor environment, we found that blacks, Hispanics, and
Asians/Pacific Islanders with CKD were at higher risk of developing ESRD compared with whites. The elevated risk of
progression to ESRD among nonwhite compared with white
patients was not explained by a lower relative risk of death.
These observations illustrate a compelling need for further
studies to characterize the burden of CKD within public hospital and safety-net health systems in this country.
Our findings extend the observations of prior studies of CKD
to a racially-ethnically diverse, low-income population in a
public health care setting (13–15). Peralta et al. described a
higher risk of progression to ESRD among Hispanics compared
with non-Hispanic whites with CKD stages 3 to 5 from Kaiser
Permanente, an integrated health care system in northern California (13). O’Hare et al. demonstrated a lower risk of progression to ESRD with older age in a national cohort of veterans
with CKD stages 3 to 5 (14). The population cared for within the
Community Health Network of San Francisco extends our understanding of the epidemiology of CKD by including a large
proportion of persons who are homeless, uninsured, linguistically isolated, and suffering from abject poverty, populations
rarely examined in epidemiologic studies of chronic disease. In
contrast to these previously published studies and estimates
from a nationally representative sample of Americans from the
National Health and Nutrition Examination Survey, which
found CKD stages 3 to 5 to be relatively uncommon in younger
persons (13,14,20), one-half of persons with CKD stages 3 to 5
receiving ambulatory care in our study were younger than 60,
and over one-fourth were younger than 50. The high prevalence of CKD stages 3 to 5 and the large proportion of relatively
young, nonwhite adults in our study setting are striking and
provide rationale for studies of targeted CKD screening and
risk factor management programs within public health systems
in this country (21).
The higher risk of progression to ESRD among members of
racial-ethnic minority groups in our study is consistent with
ESRD risk estimates from cohorts in other U.S. health care
settings (2,5,13). However, the persistence of racial-ethnic differences in ESRD risk in this low-income population suggests
that factors other than socioeconomic status may play a more
important role in the progression of established CKD to ESRD
than previously suggested (2,5,13,22). The higher risk of progression to ESRD among nonwhite individuals in our study
may reflect racial-ethnic differences in factors such as impediments to healthy behaviors (e.g., crime, drug abuse, overcrowding, and limited access to healthy foods or outdoor parks)
(23,24), treatment adherence, patient-provider miscommunica-
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Table 3A. Relative rates of progression to ESRD by race-ethnicity
Group

Patients
(%)

Person-Years

ESRD

Unadjusted Hazard Ratio
of ESRD (95% CI)

Adjusted Hazard Ratio of
ESRD (95% CI)ab

Non-Hispanic white
Non-Hispanic black
Hispanic
Asian/Pacific Islander
Other

4301 (28)
3191 (21)
2843 (19)
4620 (30)
398 (2)

15,672
12,564
9823
16,025
1454

58
263
84
145
9

1.00 (Referent)
5.67 (4.27 to 7.54)
2.30 (1.65 to 3.22)
2.43 (1.79 to 3.30)
1.66 (0.82 to 3.36)

1.00 (Referent)
4.00 (2.99 to 5.35)
2.20 (1.46 to 3.30)
3.84 (2.73 to 5.40)
1.74 (0.86 to 3.52)

a

Model includes age, gender, race-ethnicity, health insurance coverage, housing status, annual income, eGFR, diabetes,
hypertension, cardiovascular disease, congestive heart failure, chronic obstructive lung disease, HIV/AIDS, HBV, HCV,
smoking, drug abuse, alcoholism, depression, hemoglobin, serum calcium, serum albumin, and urinalysis proteinuria.
b
Multiple imputation performed for missing values of health insurance coverage, hemoglobin, serum calcium, serum
albumin, and urinalysis proteinuria.

Table 3B. Relative rates of death by race-ethnicity
Group

Patients
(%)

Person-Years

Deaths

Unadjusted HR of
Death (95% CI)

Adjusted HR of Death
(95% CI)ab

Non-Hispanic white
Non-Hispanic black
Hispanic
Asian/Pacific Islander
Other

4301 (28)
3191 (21)
2843 (19)
4620 (30)
398 (2)

15,857
13,600
10,132
16,628
1482

322
314
131
194
23

1.00 (Referent)
1.13 (0.97 to 1.32)
0.64 (0.52 to 0.78)
0.58 (0.48 to 0.69)
0.77 (0.51 to 1.18)

1.00 (Referent)
0.99 (0.84 to 1.16)
0.94 (0.74 to 1.20)
0.76 (0.61 to 0.95)
0.83 (0.55 to 1.28)

a
Model includes age, gender, race-ethnicity, health insurance coverage, housing status, annual income, eGFR, diabetes,
hypertension, cardiovascular disease, congestive heart failure, chronic obstructive lung disease, HIV/AIDS, HBV, HCV,
smoking, drug abuse, alcoholism, depression, hemoglobin, serum calcium, serum albumin, and urinalysis proteinuria.
b
Multiple imputation performed for missing values of health insurance coverage, hemoglobin, serum calcium, serum
albumin, and urinalysis proteinuria.

tion, or distrust of the health care system (25). Notably, onethird of individuals with CKD stages 3 to 5 in our study cohort
spoke a primary language other than English. Thus, it is possible that racial-ethnic minority groups may face additional
challenges to navigating the public health care system because
of factors such as cultural or linguistic isolation, limited English
proficiency, and/or inadequate health literacy (26 –28). Differing racial-ethnic patterns of obesity, insulin resistance, and
CKD etiology could also partially explain this phenomenon.
For example, rates of GFR decline may be faster in nonwhite
versus white persons because of a higher prevalence and severity of glomerular diseases such as diabetes and IgA nephropathy in the former (1,15,29). The influence of chronic viral diseases such as HBV, HCV, and HIV and the contribution of
psychosocial factors such as alcoholism, depression, drug
abuse, and suicide to disparate rates of progression to ESRD
and death in vulnerable populations with CKD warrant further
investigation.
The largely nonwhite racial composition of our cohort is
consistent with 2007 data from the National Association of
Public Hospitals in which over 52% of patients discharged from
member hospitals were of racial-ethnic minority backgrounds
(7). Relative to public hospital estimates nationally, our cohort’s
disproportionately large Asian/Pacific Islander representation
reflects the high concentration of these racial-ethnic groups in
San Francisco (30). Conversely, blacks accounted for over 20%

of individuals with CKD stages 3 to 5 receiving public health
care during the study period but only 7% of adults in San
Francisco in 2003 (30). Recent studies suggest that the care of
nonwhite Americans may be concentrated in the hands of
relatively few providers (31,32) This concentration of care for
nonwhite patients raises the question of whether interventions
targeted at the relatively small group of medical providers and
facilities that serve racial-ethnic minority communities may
help to reduce disparities in CKD outcomes (33).
The health insurance status of our CKD cohort is consistent
with national data of persons generally served by urban public
hospitals (34). Over 40% of individuals with CKD in our study
were uninsured or enrolled in Medicaid. Uninsured persons
and Medicaid enrollees with CKD can be difficult to identify
from other data sources because CKD has historically been
poorly coded in administrative data and because there is no
system for tracking the care of uninsured patients within the
United States (35,36). In a sense, these individuals with CKD
represent a “blind-spot” in our current surveillance system.
Supportive of these observations, data from the USRDS indicated that nearly one-third of persons initiating treatment for
ESRD in 2006 were uninsured or covered by Medicaid (1).

Limitations
Our study provides a unique insight into the care of low
income adults with nondialysis-dependent CKD. Nonetheless,
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there are several limitations in interpreting the results derived
from observational data. First, although diverse populations
were well represented in our study, our cohort may not be
representative of persons receiving care from other public hospitals or safety-net health systems in the United States (i.e., the
racial-ethnic composition, prevalence of comorbidities, and existence of social or linguistic isolation may differ in other urban
safety-net health care settings). Second, we were unable to fully
account for changes in some sociodemographic measures such
as health insurance coverage or income over the period of
follow-up. Third, our assessment of comorbid conditions was
based on diagnostic codes and thus likely underestimates the
prevalence of comorbidities such as cardiovascular disease,
diabetes, and hypertension in this population; moreover, we
could not determine the severity of most of the comorbid
conditions (37,38). Fourth, although we undertook efforts to
restrict the cohort with “true” CKD by requiring multiple outpatient serum creatinine determinations or evidence of established care within the Community Health Network, these criteria may have introduced some selection bias for cohort entry.
It is also possible that we have misclassified some persons with
acute kidney injury or with near-normal kidney function as
having CKD. Differential misclassification of CKD and its severity using population-based GFR estimating equations may
also be operative because the Modification of Diet in Renal
Disease study equation was derived in a population of largely
white and black patients with moderate to advanced CKD, very
few of whom had diabetes. Lastly, our study is limited by the
inability to comprehensively ascertain death in persons who
died outside of California and ESRD in individuals who left the
United States to receive renal replacement therapy.
In conclusion, adults with CKD stages 3 to 5 in this impoverished, urban, public health care setting were relatively young
and predominantly nonwhite— both potent risk factors associated with progression of CKD to ESRD. These findings suggest
that more concerted efforts to assess the extent and burden of
CKD within other public hospital and safety-net health systems
in this country is warranted, particularly as the nation contemplates health care reform aimed toward enhancing access to
effective care for uninsured and underinsured individuals.
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